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Seven years ago a  considerable impetus was given to research on the 
biology of the thyroid gland by the use of extracts from the anterior 
pituitary.  Soon, however, confusion arose on account of the peculiar 
refractoriness which animals treated with thyro-stimulating pituitary 
extracts for long periods  are liable to  develop.  Today the  study of 
this refractory state has become a  major issue in thyroid biology, as 
well as in  endocrinology generally. 
Several investigators have shown that the initial hyperplasia of the thyroid 
gland produced in animals by the administration of the thyro-stimulating factor 
from the anterior pituitary may regress and involute to the colloid atrophic state, 
in spite of continued treatment.  Similarly, the metabolic rate, after an initial 
rise to a maximum on the 7th to the 14th day, falls  to normal or below.  The 
mechanism whereby this regression in thyroid activity is brought about is unknown 
and the published observations and various explanations forwarded by different 
workers disagree to a very large extent.  Some authors have suggested that the 
refractoriness may be the result of an exhaustion of the  thyroid parenchyma. 
Others assume that specific neutralizing substances are formed and circulate in 
the blood of the refractory animals. 
CoUip and Anderson  (1)  have advanced the  so  called  antihormone  theory. 
According to their view, there may be an antagonistic principle for each hormone 
which is not the result of an antigen-antibody response but is a true hormone in 
every way.  Collip  (2) has lately declared that possibly the antihormone theory 
should be applied only  to the  trophic  (pituitary)  principles.  He admits  that 
theoretically a resistant state may be due to a variety of causes, but he stresses 
the point that the condition is transferable, i.e. through serum injections into test 
animals.  Blood serum of guinea pigs which have become resistant to the effects 
of anterior pituitary extract neutralizes these extracts when injected into normal 
3O5 306  CULTURE  OF  WHOLE  ORGANS.  III 
guinea pigs.  Leo Loeb (3), Werner (4) and others were unable, however, to find 
inhibitory properties in the serum, using the technique of Collip.  Werner found 
that different pituitary preparations, all 6f them potent thyro-stimulators, have a 
different ability to induce a refractory state.  Katzman, Wade and Doisy (5) were 
unable to develop a refractory condition in rats by implanting homologous  fresh 
pituitary glands during 9 months.  This observation is in keeping with experi- 
ments carried out by Krogh and Okkels.  Crude pituitary extracts are less liable 
to cause a state of refractoriness in guinea pigs than are highly purified prepara- 
tions;  further,  in  long duration  experiments an administration  of thyroxin  to 
refractory animals is followed at any time by the characteristic rise in metabolism. 
Collip  and his collaborators claim that refractoriness is bound to develop if 
only the treatment with the thyro-stimulating factor is continued long enough; 
and whenever a refractory state has been reached the condition is claimed to be 
transferable.  Scowen and Spence  (6) have been able to confirm Collip's observa- 
tions; at the same time these authors found no evidence of exhaustion of the 
thyroid cells. 
Parkes and Rowlands  (7)  and others have reported experiments which  seem 
to fit in with  the antihormone theory.  They found that an antigonadotropic 
serum, procured by injecting gonadotropic pituitary factor into rabbits over a 
period of 2 months, will completely inhibit the effect of the specific action of the 
anterior pituitary extract on the gonads; such serum may be said to effect passive 
immunization against the secretiou of the animal's own pituitary. 
The site of formation of the inhibitory principles is unknown.  Neither the 
thyroid nor the hypophysis seems to form inhibitory substances which pass over 
into the blood.  At one time the adrenal cortex was named as a possible source of 
antihormone during refractoriness.  Recently, Gordon, Kleinberg and Charipper 
(8) have found evidence which points to the spleen as a source of the antigonado- 
tropic  principle,  results  which  they  interpret  as  a  manifestation  of  reticulo- 
endothelial activity. 
To  our  mind,  the  problems posed  by  the  antihormone  theory-- 
especially  with  regard  to  thyroid  activity--are  to  a  large  extent 
focussed in the two questions: 
1.  Does  a  "cytological  immunity"  exist  during  the  state  of  re- 
fractoriness such that the thyroid epithelium itself is unable to respond 
to any further stimulation by pituitary extracts? 
2.  Is the serum from refractory animals able to render normal thy- 
roid  cells  immune  to  stimulation  by  anterior  pituitary  extracts? 
In order to answer these questions,  we designed the following plan 
of experiments on isolated thyroid glands, cultivated in the Lindbergh 
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Technical 
The thyroid glands of refractory rabbits were cultivated in Lindbergh pumps: 
One gland was perfused in a  pump  with  normal rabbit  serum  alone  (positive 
control); the other gland was peffused in a pump with normal serum to which had 
been added thyro-stimulating pituitary factor.  The serum from the refractory 
animals was saved and used in the following way: The thyroid glands of normal 
rabbits were cultivated in Lindbergh pumps.  One gland was perfused in a pump 
with  normal  rabbit  serum  to which  thyro-stimulating factor had  been  added 
(positive control); the other gland was peffused in a pump with antiserum to which 
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had been added the same amount of thyro-stimulating factor as in the control 
experiment.  The plan of a single set of experiments is shown diagrammatically 
in Text-fig. 1. 
Development of Refraaoriness.--Rabbits  weighing 2300 to 2700 gin. were used 
for treatment.  It is true that rabbits are much inferior to guinea pigs as far as 
histophysiological work on the thyroid goes; but the use of guinea pigs was not 
possible for technical reasons.  The high variability of the normal rabbit thyroid, 
which may be a serious source of error in ordinary experiments (Krogh and Okkels 
(ll)),  is,  however, sufficiently controlled in the present  series because the two 
TEXT-FxG. 1.  Diagram showing a  single set of experiments.  Pp. and Pc are 
Lindbergh pumps with  the cultivated experimental  and control glands, respec- 
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thyroid lobes of each animal were always matched as experimental and control 
specimens. 
All the rabbits were maintained on a  non-goitrogenic diet.  27 were treated 
with the thyro-stimulating pituitary factor.  The extract was prepared by Ayerst, 
McKenna and Harrison,  according to Collip's directions and standardized to a 
potency of 50 units per cc.  Before the injections were started, we did, however, 
test different samples of the extract and satisfied ourselves that 1 ce. will bring 
about a  very marked morphological reaction after  1 day in the  thyroid of the 
guinea  pig. 
Each rabbit was injected with 3 ce. subcutaneously every 2nd day during the 
1st week of treatment; then 3 co. every 3rd day, until 30 cc. had been given.  Then 
the dose was reduced to 1.5 cc. every 4th day during the remaining preparatory 
period (about 2 months), at the end of which time each animal had received 45 to 
50 co. of the pituitary extract.  The weight of the rabbits showed a sharp decline 
during the first 2 weeks of the treatment; in 22 of the cases the weight increased 
during the next 2 or 3 weeks until a level was reached which was definitely higher 
than the initial one (Text-fig. 2); during the last weeks of the experiments  the 
weight  of  the  animals  remained  practically  constant.  The  histology  of  the 
thyroid glands of the 5 animals which failed to develop resistance to the pituitary 
extract showed the usual hyperplastic state of the parenchyma.  The histology 
of  the  thyroid  glands  (unperfused,  negative  controls;  animals  bled)  from the 
larger group showed, with the exception of I case, a considerable increase in colloid 
and an atrophic state of the epithelium (Fig. 1).  The rate of metabolism was not 
measured, but we believe that the weight charts, together with the histological 
findings, can be explained only by assuming that the 22 rabbits had developed 
refractoriness to the thyro-stimulating factor. 
Cultivation.--Several  batches  of rabbits  were  prepared  for the  experiments. 
As soon as the treatment  of one group had been completed,  the animals were 
operated upon.  Some of the  treated  rabbits  were etherized  and  the  thyroids 
dissected for perfusion,  t  Others were etherized and bled to death, the blood being 
saved in the freezing box overnight to prepare the special culture medium for the 
normal rabbit thyroid glands  (see Text-fig.  1).  In all cases the peffusion fluid 
consisted of 40 per cent rabbit serum diluted with glucose-Tyrode solution (with 
5 rag. per cent phenol red as indicator).  As a rule the thyroid glands were culti- 
vated only over a period of 24 hours, preliminary study having shown that no sure 
signs of cytological damage occur during the first  24 to 48 hours of perfusion 
(Fig. 4).  At the same time 24 hours are amply sut~cient to permit the morpho- 
logical effect of the thyro-stimulation to develop. 
Histological Methods.--When the circulation was discontinued, the pumps were 
opened and the glands fixed in Zenker-formol solution and in Ludford's corrosive 
t All the animals were operated upon by Dr.  Carrel.  For details concerning 
the technique of dissection and the working of the apparatus,  the reader is re- 
ferred to Lindbergh (9) and Carrel (10). HARALD OKKELS  309 
chloride of mercury-osmic  acid,  with subsequent  osmic saturation.  Embedding 
in paraffin.  Serial sections at 4 to 5 microns.  Staining in hematoxylin-eosin and 
Heidenhain's iron-hematoxylin. 
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TExT-FIG. 2.  Chart showing the weights of the last batch of rabbits during 7 
weeks of treatment with thyro-stimulating factor.  One animal  became sick; it 
had to be killed (K) and consequently was not utilized for any experiment. 
Everyone working  on  the  histophysiology  of  the  thyroid gland knows that 
different  parts of the parenchyma may present a different  morphological aspect 
under varying experimental  conditions.  Usually  the central parts of the gland 
seem to be more active than the periphery.  This may be true for untreated ani- 
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tion is induced experimentally.  Therefore,  it is imperative that the microscopical 
examination of thyroid glands, such as the ones with which we are concerned in 
the present series, is carried out with due consideration to this obvious source of 
error.  In our own case, the following  estimates as to the degree of secretory activ- 
ity in the different thyroid glands are based upon observations of topographically 
corresponding areas of the tissue in matched pairs of experiments.  The prepara- 
tions have been compared again and again, and in many cases several observers 
have  independently  examined the same slides.  In cases in which degenerated 
areas of the perfused glands were of considerable extent,  new series of sections 
were made to secure a correct morphological estimate of the functional state of the 
tissue. 
RESULTS 
The characteristic  histological feature of the  thyroid gland during 
the  refractory  state is a  distention of the  vesicles, an  accumulation 
of very dense colloid, and a  considerable flattening of the epithelium 
(Text-fig.  3).  Just  as  the  normal  thyroid  tissue  will  react  to  the 
process of perfusion  (12)  by developing a  slight  swelling of the epi- 
thelium  of the  central parts  of the gland,  so is the thyroid of a  re- 
fractory animal liable to undergo  a  slight  change  during  cultivation 
in  the Lindbergh  apparatus.  There  again,  it  is  chiefly the  central 
parts of the gland which are affected; furthermore, the change is only 
a slight one, causing the thyroid cells to assume a more cuboidal shape. 
Vacuolization of the colloid is exceptional.  If, however, thyro-stimu- 
lating pituitary extract is added to the medium,  a  considerable mor- 
phological  reaction  is  observed in  the  epithelium  of  the  refractory 
thyroid  gland.  In  several  cases this  reaction  has  been  comparable 
to  that  taking  place in  normal  glands  during  hormonal  stimulation 
(Text-fig. 4).  Only once (Experiment 499) was this effect very slight 
(Figs. 5 and 6).  As a rule the isolated thyroid glands from refractory 
rabbits responded to the stimulating effect of anterior pituitary extract 
by a  definite swelling of epithelial cells over large areas of the paren- 
chyma, by enlargement  of the  Golgi apparatus  and by an extensive 
vacuolization of the colloid (Figs. 7 and 8). 
In the experiments in which the possible neutralizing  effect of the 
serum from refractory animals was tested on isolated normal thyroid 
glands, the observations were less consistent.  In 3 of the experiments, 
we found practically  the same degree of hypertrophy and increased 
cellular activity in both lobes of the thyroid (Figs.  11 and 12).  In 1 TExT-FIG. 3.  In spite of the fact that  the thyroid parenchyma is atrophic 
during the condition of refractoriness, the Golgi apparatus is quite distinct and 
easily impregnable  with osmic acid. 
TEXT-FIG. 4.  When the thyroid epithelium of glands from refractory rabbits 
responds to pituitary stimulation, the swelling of the cells and the increase of the 
Golgi apparatus may be considerable  (compare with Text-fig. 3). 
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TABLE  I 
Response of Perfused Rabbit Thyroid Glands to Stimulation  by Anterior 
Pituitary  Extract 
Nega-  Amount 
tive  Positive  aaterior 
No.  controls  controls  Experiments  pituitary  extract  Remarks 
Thyroid Glands from Refractory Rabbits 
486 
487 
488 
489 
496 
497 
498 
499 
525 
526 
531 
532 
533 
534 
540 
541 
542 
543 
+ 
+ 
(+) 
+ 
+ 
+ 
++ 
-+- or0 
++ 
++ 
+ 
++ 
++ 
2 
Perfused for 22 hrs. 
Not cultivated 
Epithelium very atrophic 
Not cultivated 
2  cc.  anterior  pituitary  extract  for 
22 hrs.  +  2 cc. for  5 hrs.  Total: 
4 cc. for 27 hrs. 
0 indicates a morphologically inactive tissue of the colloid type. 
+  to + +  +  indicate varying degrees of morphological activity. 
The concentration of serum was  40 per  cent in aU  cases.  The amount of 
peffusion fluid 250 cc. 
Where nothing special is indicated in the last column of the table the duration 
of the experiment was 24 hours. HARALD  OKKELS 
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Experiments  Amount  Nega-  Positive  anterior  No.  tive  Remarks 
controls  controls  pituitary  extract 
Normal Thyroid Glands Perfused with Serum from Refractory Rabbits 
490 
491 
494 
495 
500 
501 
527 
528 
535 
536 
546 
547 
-t--b+ 
-b-b+ 
++ 
++-t- 
++ 
+Jr+ 
+ 
.+++ 
+ 
++ 
++ 
+-b-t- 
C6. 
2 
2 
2 
2 
2 
2 
1 
1 
Considerable degeneration 
Considerable degeneration 
1  cc.  anterior  pituitary  extract  for 
3hrs. 
1  cc.  anterior  pituitary  extract  for 
24 hrs. 
case  (No.  528)  the morphology of the lobe perfused by antiserum 
showed a  less active state than the corresponding control.  In the 
remaining 2 experiments of the group (Nos. 491 and 501), the controls 
were definitely more active morphologically than the glands perfused 
with antiserum; probably,  therefore, an inhibitory effect had been 
achieved here (Figs. 9 and 10). 
All the positive controls in this experimental group showed distinct 
histological  signs  of  considerable  secretory  activity,  as  would  be 
expected in cases in which normal thyroid glands perfused with normal 
serum were exposed to the stimulating effect of a potent extract from 
the anterior pituitary. 
The degree of the morphological reactions observed in all the per- 
fused glands is indicated in Table I, where both groups of experiments 
and the results are recorded. 314  CULTURE  OF  W'J~OLE  ORGANS.  III 
DISCUSSION 
The histological  examination of perused  and  stimulated  thyroid 
glands  from  refractory rabbits  shows  that  the  thyroid  epithelium 
itself is not unable to respond to the stimulation by pituitary extract 
during the state of refractoriness in the animal.  We must, therefore, 
answer in the negative the first question put in the introduction of this 
paper: There is no evidence for the existence of a cytological immunity 
of the thyroid epithelium in rabbits wt~ch have been rendered immune 
to  the action of the thyro-stimulating factor from the hypophysis. 
The  thyroid  epithelium  may be  very atrophic--exhausted--during 
the  state  of  refractoriness.  But  the  thyroid  cells  of  the  isolated 
gland can be made to respond to pituitary stimulation within 24 hours 
when cultivated. 
The second question, whether the serum from refractory rabbits is 
able to antagonize the effect of the thyro-stimulating factor from the 
hypophysis, is  only partly answered by our results.  In 3  out of 6 
cases, no sure signs of any antagonism between the antiserum and the 
pituitary extract were observed.  It would seem as if the antiserum 
in the remaining 3 cases had inhibited the action of the thyro-stimu- 
lating  factor  upon  normal  thyroid  cells.  But  the  serum  did  not 
neutralize the effect of the pituitary extract completely.  And the 
degree  of  inhibition  was  surprisingly  small,  considering  the  large 
amount of serum utilized in each experiment. 
In view of the fact that the thyroid cells themselves, as the first 
group of experiments show,  are not fundamentally changed by  the 
state of refractoriness as concerns their ability to react morphologically 
upon pituitary thyro-stimulation, it  seems logical to  assume either 
that the inhibitory effect of the antiserum is a  simple quantitative 
matter  of  neutralization,  or  that  an  extra-thyroid  mechanism  is 
involved.  The  first  assumption  is  hardly tenable.  If  we  suppose 
that inhibition is  determined simply by the amounts of antagonistic 
principles--the  antihormone  and  the  pituitary  extract--actually 
present as a mixture in the perfusion fluid, it is hard to explain why 
similar experiments in living animals imply admixture of only a very 
much smaller amount of antiserum to obtain a  complete neutraliza- 
tion.  It should be remembered that in each of our experiments at ~P,  ALD OKKELS  315 
least 80 cc. of serum from refractory animals were made to react upon 
one single lobe of thyroid gland in an attempt to counteract the effect 
of 1 or 2 cc. of an anterior pituitary extract.  Scowen and Spence (13) 
have  been  able  to  prevent  the  occurrence of  thyroid hyperplasia 
in guinea pigs by injecting subcutaneously 2 cc. of antiserum against 
1 cc.  of an active anterior pituitary extract given intraperitoneaUy. 
Similar results were obtained in rabbits.  These investigators believe 
that  the neutralizing substance is  a  hormone and not an antibody 
formed against a foreign protein. 
All the same, in the experiments on the isolated thyroid gland, and 
with the use of much greater amounts of serum, it is possible to obtain 
only a  comparatively small inhibitory effect, or none at all.  Prob- 
ably, therefore, organs or tissues other than the thyroid epithelium 
are  involved in  the mechanism underlying the phenomenon of re- 
fractoriness to the thyro-stimulating factor.  It should be noted in 
this  connection that  the  isolated,  perfused  thyroid  glands  cannot 
always be considered completely deprived of their nerve supply from 
sympathetic ganglia; and nerve cells have been observed to remain 
histologically normal during perfusion in  the  Lindbergh apparatus 
for a considerable length of time.  Very little is known concerning the 
interrelationship between the nervous system and the thyroid, but 
living nerve tissue may actually be present in some of the perfused 
thyroid preparations.  Whether this is of any significance as far as 
our particular problem goes, it is impossible to decide at present. 
SUMMARY 
1.  Peffusion of isolated thyroid glands from rabbits, made refractory 
to  the  action of the thyro-stimulating factor from the hypophysis 
by repeated injections for 2 months, has shown that in this condition 
the thyroid epithelium responds to pituitary stimulation. 
2.  The serum from refractory rabbits does not neutralize completely 
the  thyro-stimulating effect  of  anterior  pituitary  extract  upon  an 
isolated normal thyroid gland. 
3.  It is believed that tissues other than the thyroid play a r61e in 
bringing about the phenomena  which have been described as refractori- 
ness  against  a  prolonged action of the  thyro-stimulating pituitary 
factor. 316  CULTURE OF  WHOLE ORGANS.  III 
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EXPLANATION OF PLATES 
PLATE 6 
FIG. 1.  Uncultivated thyroid gland from refractory rabbit.  Abundant colloid; 
practically no vacuolization; very atrophic epithelium.  Fixation: Zenker-formol 
solution.  Heidenhain's iron hematoxylin stain.  X 650. 
FIG. 2.  Histology of normal rabbit thyroid gland (Experiment 428 L; colloid 
type) for comparison with Fig. 1.  Same technique and magnification. 
FIG. 3.  Right lobe of uncultivated thyroid gland from rabbit (Experiment 497), 
showing  atrophy of the epithelium during refractoriness.  Same technique and 
magnification as Fig.  1. 
FIG. 4.  Left lobe of the thyroid gland from the same rabbit as in Fig. 3 (Experi- 
ment 496 L), cultivated for 22 hours with 40 per cent serum plus glucose-Tyrode 
solution.  The size of the epithelial cells is somewhat increased but there is no 
vacuolization.  Same technique and magnification as Fig. 1. 
FIG. 5.  Experiment 498 L.  Atrophic thyroid gland from a refractory rabbit. 
Duration of cultivation, 24 hours.  The cells are flattened and the colloid is not 
vacuolated.  Fixation: Zenker-formol solution; hematoxylin-eosin.  ×  195. 
FIG. 6.  Experiment 499 L.  Other lobe of thyroid gland from same animal as 
in Fig. 5.  Duration of cultivation: 24 hours; 2 cc. of thyro-stimulating factor was 
added to the peffusion fluid.  Example of very slight stimulation (compare with 
Table I).  The general histological  aspect of the gland is the same as in the 
control, but there is a definite increase of the fine vacuoles in the colloid.  Histo- 
logical technique and magnification as Fig. 5. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL.  66  PLATE 6 
(Okkels:  Culture of whole  organs.  III) PLATE 7 
FIG. 7. Experiment  542 L.  Histologically  inactive thyroid gland from re- 
fractory  rabbit.  Same technique and magnification  as  Fig.  5. 
FIG. 8. Experiment 543 L.  Other lobe  of thyroid gland from same animal as 
in  Fig.  7.  Medium degree of  response to  stimulation  by anterior  pituitary  extract. 
Same technique  and magnification  as  Fig.  5. 
FIG. 9. Experiment 490 L.  Hyperplastic thyroid  gland from normal rabbit. 
Typical effect  of thyro-stimulating  pituitary  factor. Same technique and mag- 
nification  as Fig.  5. 
FIG. I0. Experiment 491 L (perfused  with antiserum).  Other lobe  of thyroid 
gland from same animal as in Fig.  9.  The effect  of the thyro-stimulating  factor 
is very considerably inhibited.  Example of maximum  effect  of the antiserum; 
compare with Table I.  Same technique and magnification  as  Fig.  5. 
FIG. II. Experiment 546 L.  Hyperplastic thyroid gland from normal rabbit. 
Typical effect  of thyro-stimulating  pituitary  factor.  Same technique and mag- 
nification  as Fig. 5. 
FIG. 12.  Experiment 547 L  (perfused with antiserum).  Other lobe of thyroid 
gland from same animal as in Fig. 11.  The tissue shows about the same degree 
of hyperplasia and stimulation.  Same technique and magnification as Fig. 5. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL.  66  PLATE 7 
(Okkels: Culture of whole organs.  III) 